Purpose The purpose of this study was to examine the (a) prevalence of and (b) association between alcohol, risky sex, and HIVamong Russians at risk for primary or secondary HIV transmission. Method Electronic databases were searched to locate studies that sampled Russians, assessed alcohol use, and included either a behavioral measure of risk or a biological measure of HIV. Weighted mean (logit) effect sizes were calculated using random-effects assumptions. Moderator analyses were conducted using meta-regression. Results Studies (19) sampled 12,916 Russians (M age = 29; 36 % women). Participants were recruited from clinical (52 %; e.g., sexually transmitted infection (STI) clinic, drug treatment), other high-risk community settings (32 %; e.g., sexual/drug networks), or both (16 %). Findings indicate that a substantial proportion of the participants used alcohol (77 %; 55 % heavy drinking). One half of participants reported using condoms (52 %), but only 29 % used condoms consistently. Most participants reported drinking before sex (64 %). Of the studies testing for HIV, 10 % of participants tested positive. Meta-regression analyses indicated that hazardous/harmful alcohol use was associated with increased risky behaviors (i.e., multiple partners, inconsistent condom use). Conclusion These findings support the need for and potential benefit of addressing alcohol use in HIV prevention programming in Russia.
Introduction
Russia has one of the fastest growing HIV epidemics in the world. More than half (69 %) of the people living with HIV across Eastern Europe and Central Asia live in Russia, where new infections are rapidly increasing and now account for 80 % of all new HIV infections in the region [1] . Due to the country's slow response to the HIV epidemic, Russia now faces a growing HIV epidemic with low treatment coverage and a substantial disease burden [2] .
Transmission of HIV is a growing public health concern in Russia. While transmission of HIV in Russia was initially concentrated among injection drug users (IDUs), the incidence of HIV among IDUs has stabilized. In contrast, HIV incidence has increased in all other population groups primarily through heterosexual contact. The proportion of new HIV infections attributed to sexual transmission has increased from 4 % in 2001 to 36 % in 2009 [3] , and this trend has been observed in both urban and rural settings [4, 5] . Given that the incidence of HIV in the country is higher than those of western European countries, as well as the stabilization of 
The Current Study
Alcohol use in the context of sexual risk behaviors has the potential to exacerbate the HIV epidemic in Russia. Identifying populations at risk for primary or secondary HIV transmission is of great public health importance, as a step toward developing prevention interventions to reduce HIV/ STI risk behaviors in populations vulnerable to HIV infection. Therefore, the purposes of this systematic review and metaanalysis were (1) to examine the prevalence of (a) alcohol use, (b) sexual risk behaviors, and (c) HIV/STIs among Russians and (2) to examine potential predictors of alcohol use, sexual risk behaviors, and HIV/STI incidence. We limited our review to studies in high-risk settings (e.g., HIV/STI clinics, drug networks) because (a) few studies sampled Russians in the general population and (b) participants recruited from these settings were most at risk for primary or secondary transmission of HIV [22] .
We examine the extent to which participant characteristics moderated the relation between behavioral and biological outcomes. Based on the literature, we developed a conceptual model to guide our analyses and generate testable hypotheses (Fig. 1) . We hypothesized that current alcohol use would predict sexual risk behaviors and subsequent outcomes (i.e., HIV and other STIs). Thus, for example, we expected that participants who drank alcohol would report greater sexual risk behaviors (e.g., multiple sexual partners, inconsistent condom use) compared to those who abstained. Based on previous literature, we hypothesized that participants' gender would predict alcohol use, with greater proportions of men reporting alcohol use or heavy alcohol use compared to women [23] . In addition, young people and certain groups of people are highly vulnerable to HIV infection, such as men who have sex with men (MSM) and STI clinic patients [24] [25] [26] . Therefore, we hypothesize that the prevalence of alcohol consumption, sexual risk behavior, and HIV/STIs would be greater among studies sampling participants who were of younger age, MSM, or patients attending an STI clinic (vs. patients recruited from other settings). This study contributes to the literature examining the association between alcohol and risky sex, identifies vulnerable populations to HIV, and provides recommendations for HIV prevention in Russia.
Methods
This meta-analysis was conducted to satisfy the standards implied in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [27] . The PRISMA checklist can be found in the Supplementary Materials.
Search Strategy
Several strategies were used to obtain studies meeting our inclusion criteria. First, studies were retrieved from electronic databases (PubMed, PsycINFO, The Cochrane Library, CINAHL, Web of Science, Global Health, Dissertation Abstracts, CORK, ERIC, EMBASE, and SoclINDEX) using a Boolean search strategy with no date limits. The searches consisted of the following broad terms: alcohol, sex, and Russia. Search terms were modified using individual database search guidelines, as needed, for each electronic database searched. For example, the search terms used in our PubMed search were as follows: Second, reference sections of relevant manuscripts (including published reviews obtained through the electronic reference databases search) and included studies were reviewed. Finally, unpublished papers (e.g., dissertations or conference reports) were sought through electronic databases or requests from authors. No date or language restrictions were applied.
Inclusion Criteria
Studies were included if they (a) sampled people living in Russia, (b) assessed both alcohol and behavioral measure of risk (e.g., condom use, multiple sex partners) or a biological measure of HIV, and (c) provided sufficient information needed to calculate effect sizes. Comprehensive electronic searches identified 1167 potentially relevant records, and an additional 90 records were identified through other sources. After removing duplicates, 676 records were screened for possible inclusion. Of these, 52 were excluded based on their titles and abstracts because they did not meet inclusion criteria. Of the 624 full-text articles screened for eligibility, 570 were excluded. When authors reported details and/or outcomes of the same sample in multiple studies, the studies were linked in the database to be represented as a single study and the manuscript reporting the main study outcomes was selected as the primary study. Primary studies (and linked papers) that fulfilled selection criteria and were available through December 2014 were included. Nineteen studies reported in 18 manuscripts (plus 36 supplemental manuscripts providing further study and sample details) were included in the final analyses (see Fig. 2 ).
Coding and Reliability
Two independent coders (CWL and LAJSS) extracted study information, design and measurement (e.g., recruitment method, method of assessments), and sample characteristics (e.g., gender, marital status). If data from the same sample appeared in multiple manuscripts, the most comprehensive report was used while supplementing missing data from the other report(s). Methodological study quality of the individual studies was assessed using 17 items from validated measures [28] [29] [30] .
The number of methodological quality items assessed for each study depended on study design: (a) cross-sectional studies were assessed using seven items; (b) cohort studies were assessed using 11 items; and (c) all 17 items applied to intervention studies. The proportion of methodological quality criteria met for each study design was used in the analyses. Examples of methodological quality items examined include (a) study hypothesis/aim/objective well-defined; (b) participants of the study representative of the population from which they were recruited; (c) adequate selection criteria; (d) appropriate measurements of outcome studied; (e) blinding of outcome assessors; (f) valid statistical analysis; (g) and characteristics of participants who withdrew were described. Inter-rater agreement was calculated separately for categorical and continuous variables. For the categorical variables, raters agreed on an average of 81 % of the judgments (mean kappa = 0.65). The mean intraclass correlation coefficient was 0.90 for all continuous variables, indicating strong agreement. Disagreements were resolved, and consensus was reached through discussion.
Study Outcomes and Effect Sizes
Effect sizes (ES) were calculated for behavioral and biological variables available in the manuscripts reporting data from the 19 studies. Behavioral variables included current alcohol use, heavy drinking, alcohol abuse/dependence, alcohol use prior to sex, multiple sexual partners, condom use, condom use at last sexual intercourse, and consistent condom use. Biological variables included diagnosis of HIV and other STIs. Only the baseline data were included from studies reporting repeated measures over time: one longitudinal cohort study [31] and four intervention studies [32] [33] [34] [35] .
ES were calculated by dividing the number of participants who reported, or were diagnosed with, a specific behavioral (e.g., alcohol or condom use) or biological (e.g., HIV) outcome by the total number of participants in the sample. Consistent with standard meta-analytic methods [36] , the ES (proportions) were converted to logits and used in all analyses. Results from the analyses (using logits) were then converted back into proportions (along with corresponding confidence intervals) for ease of interpretation. 
Statistical Analysis
We calculated the weighted mean (logit) ES for behavioral and biological outcomes using random effects procedures [36] . All analyses were conducted with Stata 12 [37] . Weighted mean (logit) ES (prevalence estimates) were calculated using random-effects procedures (estimating the additive [between studies] component of variance using full information maximum likelihood). The 95 % confidence intervals (CIs) surrounding a weighted mean (logit) ES were calculated; CIs indicate the degrees of precision as well as the significance of the mean (logit) effect size [36] . Heterogeneity was assessed using the Q statistic which is approximately distributed as a chi-square statistic with k (number of effect sizes) minus 1 degree of freedom [36] . To assess the proportion of variation across studies due to heterogeneity, I
2 and its corresponding 95 % CIs were calculated [38] . I 2 varies between 0 and 100 % with higher values indicating considerable heterogeneity.
To explain variability in the prevalence estimates of alcohol use, sexual risk behaviors, and HIV/STIs, analyses were conducted using both meta-regression and an analog to the ANOVA following random-effects assumptions [36] . Sample characteristics (e.g., mean age, proportion women, MSM, and STI clinic patients) and risk characteristics (e.g., proportion using alcohol, hazardous/harmful alcohol use, multiple sexual partners, and condom use) were examined as predictors of the prevalence estimates for behavioral and biological outcomes. The list of predictors was selected based on a review of relevant studies (see Fig. 1 ). Analyses were conducted only for outcomes with at least five studies. Severity of alcohol use was dichotomized into those engaging in hazardous/harmful alcohol use (assigned a value of 1; defined as the majority of the study sample meeting criteria for alcohol abuse/ dependence or reaching hazardous/harmful thresholds on standardized validated measures such as the Alcohol Use Disorders Identification Test [39] ) and regular alcohol use (assigned a value of 0). Hazardous/harmful alcohol use was tested as a predictor along with other variables in the analyses. (The list of continuous variables used as predictors of alcohol use, sexual risk behaviors, and HIV/STIs appears in Table 2 32 % were recruited from high-risk community settings (e.g., drug networks); and 16 % were recruited from both clinical and high-risk community settings. The proportion of methodological quality (MQ) criteria met ranged from 50 to 88 % (M = 72 %, SD = 10 %) indicating moderate to strong methodological quality of the studies (cross-sectional studies M = 69 %, SD = 9 %, k = 14; intervention studies M = 82 %, SD = 5 %, k = 4; longitudinal cohort M = 71 %, k = 1).
Of the 12,916 participants sampled, 36 % were women and 64 % were men; mean age was 29 years (range = 21 to 42, SD = 5). Table 2 
Predictors of Alcohol Use, Sexual Risk Behaviors, and HIV/STIs
Bivariate regression analyses were conducted to examine whether a priori determined sample characteristics related to the variability in prevalence estimates (for continuous variables, see Table 3 ; categorical variables are not tabled). 
HIV and Other sexually Transmitted Infections
The rates of HIV were lower when the studies sampled more current alcohol users (B = −5.10, p < 0.02, k = 7). No study or risk characteristic was significantly associated with STIs (diagnosed or self-reported).
Discussion
This systematic review and meta-analysis evaluated the prevalence of alcohol use, sexual risk behaviors, and HIV/STIs among Russians sampled from high-risk settings. We integrated the results of 19 studies involving 12,916 participants living in Russia, sampled between 1997 and 2011. The results indicated that 10 % and 13 % tested positive for HIVand other STIs, respectively. Thus, our study samples were at high risk for HIV relative to the general population of Russia (0.6 % adult HIV prevalence; UNAIDS 2014). Furthermore, our findings showed that the prevalence of sexual risk behaviors (e.g., having multiple sex partners, alcohol use prior to sex) was high, while the proportion reporting protective behavior (i.e., consistent condom use) was low. Moreover, heavy drinking (55 %) and alcohol abuse/dependence (58 %) were substantially higher when compared to national data (heavy drinking, 19 %; alcohol abuse, 17 %; alcohol dependence, 9 %) [7] . Thus, our findings highlighted the high rates of alcohol use, sexual risk behaviors, and HIV in Russia.
Our analyses showed that the incidence of HIV was negatively associated with the proportion of the sample currently using alcohol. Further inspection of this unexpected finding indicated that the finding was largely driven by a single study [33] that, in contrast with the other studies, reported lower rates of alcohol use (63 vs. 72-100 %) and higher incidence of HIV (43 vs. 5-19 %). Alcohol use did not remain a significant predictor of a positive HIV diagnosis after removing the outlier (B = −2.38, p = 0.28, k = 6). Another possible explanation for this unexpected finding was that examining current drinking might not capture the factors that drive HIV transmission in this population given that alcohol use (and misuse) is a socially acceptable behavior in Russia. Because general alcohol consumption does not indicate risk, we further explored alcohol risk behaviors by classifying the samples as hazardous/harmful or regular drinkers. Hazardous/harmful drinking was not associated with the prevalence of HIV or other STIs (self-reported or diagnosed). These findings suggested that alcohol use may not be directly linked to HIV/STIs but may be indirectly related through increased sexual risk behaviors [17] . Previous studies examining the association between alcohol and risky sex showed that global drinking behaviors were correlated with more sexual risk behaviors [17] . The findings from our regression analyses indicated that any alcohol use or alcohol before sex was not associated with sexual risk behavior but hazardous/ harmful drinking was significantly associated with the prevalence of sexual partners and condom use. Hazardous/harmful drinkers were nearly twice as likely to have had multiple sexual partners as compared to regular drinkers (53 vs. 32 %). Compared to regular drinkers, hazardous/harmful drinkers were four times less likely to report consistent condom use (11 vs. 44 %). Our findings were consistent with recent research showing that the odds of having multiple sexual partners and engaging in inconsistent condom use were higher for hazardous/harmful drinkers relative to abstinent/low-level drinkers living in Russia [40] . Reducing hazardous/harmful alcohol use may be a key consideration in reducing sexual transmission of HIV among Russians.
Prior research showed that patients attending STI clinics engaged in poor health behaviors (e.g., alcohol use) that facilitated the acquisition of STIs, including HIV [41, 42] . Our meta-regression analyses showed that STI clinic patients (vs. participants recruited from other settings) were more likely to report alcohol use and consuming alcohol prior to sex. We did not find any differences between STI clinic patients and participants recruited from other settings on the prevalence of multiple sexual partners, condom use, or HIV/STIs. This unexpected finding was likely an artifact of the sample selection (i.e., studies sampling participants at high risk for HIV) rather than the absence of sexual risk behavior and/or STIs among clinic patients. Thus, reducing risky alcohol use among STI clinic patients may be an important intervention target area in Russia. To our knowledge, this meta-analysis is the first to examine the prevalence of alcohol and sexual risk behaviors related to HIV among people recruited from highrisk settings in Russia. By documenting the prevalence of alcohol use and risky sex, meta-analysis provides an empirical foundation for the development of HIV risk reduction interventions as well as recommendations for primary-level research. The results support the potential benefits of delivering sexual risk reduction interventions to alcohol-abusing populations. The results of our metaregression analyses imply that hazardous/harmful alcohol use, and not general alcohol use, is associated with the prevalence of sexual risk behaviors with high-risk populations. Although these analyses do not establish a causal link between alcohol and sexual risk behavior, our findings provide support for the view that hazardous/harmful alcohol use may be an important risk factor for HIV transmission via risky sexual behavior [17] .
Limitations
The study findings need to be understood in light of limitations. First, the behavioral outcomes were self-reported, which were vulnerable to social and cognitive biases [43] . Second, most of the studies were conducted in St. Petersburg even though 59 % of HIV incidence is concentrated within 10 regions, including St. Petersburg [44] . To date, studies have been largely conducted in a few central hospitals in Russia. Therefore, our findings may not be generalizable to other regions in Russia. Rates of alcohol and sexual risk behaviors in other cities and regions of the country that are also experiencing high rates of HIV are needed. Third, nonindependence of the study samples is a possibility, as in any meta-analysis, due to the unknown number of participants participating in multiple studies. Fourth, as expected in meta-analysis, significant heterogeneity was observed in the current meta-analysis, but we used methods (e.g., random-effects models, meta-regression) that are recommended to account for the observed heterogeneity [45, 46] . Fifth, even though we did not apply English-language restriction on the search, we did not find any non-English studies. This may be due to the limited indexing of Russian-language journals in the 11 electronic databases we searched. Finally, we could not conduct moderator tests for heavy drinking, alcohol abuse/dependence, condom use at last sex event, and diagnosed STIs due to the limited number of observations (k ≤ 5).
Implications for Research
Our research revealed the diverse measurements of alcohol use. This inconsistency limits analysis of the impact of alcohol use on the prevalence of sexual risk behaviors, HIV, and STIs. Future research with consistent alcohol use measures will enable a more detailed analysis of how alcohol use and problematic alcohol use are related with HIV-related risk behaviors. Furthermore, event-level research will be necessary to understand the temporal association between risky alcohol use and sexual risk behaviors, including underlying factors associated [31, 55] were excluded from the analyses with sexual risk taking (e.g., partner type) [17] . The trend of HIV transmission from the most vulnerable groups (e.g., IDUs and sex workers) to the general public through sexual contact is growing; programs to increase protective behaviors (e.g., consistent condom use) among those at high risk for STIs, including HIV, are needed. A multi-pronged approach targeting the populations in high-risk settings will be required to combat the HIV epidemic and to effectively reduce HIV infection in the country [47] .
Conclusions
The prevalence of alcohol use among Russians in high-risk settings is higher than the general population. Our findings suggest that screening for risky alcohol use among Russians in high-risk settings should be a priority, followed by targeted HIV prevention. To slow the HIV epidemic in Russia, it is important to provide effective HIV prevention programming, including alcohol-related sexual risk reduction interventions that are targeted to at-risk drinkers. Screening and targeted intervention delivery could provide a cost-effective, highly efficient, and minimally burdensome approach to reducing the risk of HIV transmission in Russia.
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